Benefits and harms of long-term anticoagulant therapy (AT) after acute pulmonary embolism (PE) are poorly known. The aim of this study was to investigate the outcome of patients with PE treated with AT for 5 years according to American College of Chest Physicians (ACCP) guidelines.
Introduction
Pulmonary embolism (PE) is potentially lethal in the acute phase and prone to recur during the short-or long-term follow-up. [1] [2] [3] [4] [5] After anticoagulant therapy (AT) discontinuation, the rate of recurrences increases with time; therefore, the extension of therapy could be ideally useful in several patients but is limited by the risk of bleeding. Indeed, the case fatality rate for major bleeding in patients treated with warfarin for more than 3 months has been reported to be 9.1%, [6] higher than that due to recurrent venous thromboembolism (VTE) (3.6%). [7] Unprovoked nature of PE, [8] [9] [10] [11] recurrence, [12, 13] presence of cancer and chemoradiotherapy, [10, 14, 15] persistence of residual venous thrombotic material, [16, 17] and presence of chronic medical illnesses [10, 18] have been considered as potential causes for increased recurrences and mortality after discontinuation of treatment and warrant, therefore, prolonged AT. Unfortunately, data on recurrence/mortality and bleeding in patients with PE under prolonged anticoagulation are not consistently reported in literature. Indeed, most studies investigating the late outcome of PE include patients in whom AT has been administered for 3 to 6 months and stopped months or years before the investigation was made [8, 19, 20] ; other studies include patients enrolled retrospectively, in whom AT has been made for variable periods of time. [9, 21] The main purpose of the present study was to prospectively investigate mortality, recurrence, and bleeding in patients with PE who continue AT for 5 years of follow-up, according to American College of Chest Physicians (ACCP) guidelines. [22] We also evaluated risk factors for mortality, recurrence, and bleeding. performed in an academic teaching hospital. Here we report the results of the first 5-year follow-up. When the study was designed, the approval of the Ethical Committee was not required for observational studies. All patients gave informed consent for the anonymous use of their clinical data for research purposes.
All consecutive patients with a diagnosis of PE made by chest computed tomography between January 2001 and December 2005 were enrolled. Patients were classified as having secondary PE if they reported any of the following risk factors: recent (<3 months) major surgical procedure; leg trauma or fracture; bedridden (>1 week); pregnancy; childbirth (within the previous 3 months); estrogens therapy; and active (recent diagnosis or under treatment) cancer. All patients without the abovementioned risk factors were regarded as having unprovoked PE.
All patients underwent baseline perfusion lung scintigraphy and lower limb ultrasound to detect deep venous thrombosis (DVT).
Following the initial therapy with unfractionated heparin or low-molecular weight heparin (LMWH) or fondaparinux for 7 to 10 days, vitamin K antagonists (VKA) or LMWH as indicated were continued for 12 months. After 12 months, patients were recommended to continue or stop anticoagulation solely according to the 2001 ACCP guidelines [22] and then followed for 5 years (follow-up period). Patients with unprovoked PE, previous episodes of PE, active cancer, atrial fibrillation, or chronic diseases leading to immobilization were recommended extended therapy. Therapeutic range for patients on VKA was estimated by International normalized ratio (INR) between 2-3.
Follow-up
Recurrence of PE and/or DVT was suspected on a clinical basis. The diagnosis of PE recurrence was made by perfusion lung scintigraphy according to previously published criteria [23] ; briefly, the diagnosis of recurrence was made when 1 or more new segmental defects were detected on lung scan. The diagnosis of DVT recurrence was made according to standard criteria [24] ; briefly, the criteria were represented by abnormal results on compression ultrasonography (proximal veins) in the controlateral leg or, in the ipsilateral leg, a newly noncompressible venous segment or an increase of 4 mm or more in the diameter of the thrombus (proximal veins) on ultrasonography.
The mortality registry of the Tuscany Region was consulted for mortality; both all causes and PE death were searched according to the ICD-9-CM classification. Recorded causes of death were active cancer (140-239), cardiovascular diseases (4100, 4280, 4029), PE (4151), liver insufficiency (5715), chronic respiratory diseases (4912, 4928), neurological diseases (3212, 3310, 325), bleeding (4310, 5789), and renal insufficiency (5856).
Bleeding was investigated in all patients, either at the time of follow-up visits or under the patient's request and categorized as major or minor according to standard criteria. [25] 
Data analysis
Continuous variables were expressed as mean ± standard deviation and categorical variables as percentages.
Annual rate for recurrent PE, death for all causes and for fatal PE were computed. The Kaplan-Meier method was used to determine the time course of events.
Predictors of adverse events were investigated by univariate and multivariate analyses performed using the Cox proportional hazards regression model. Categorical variables were included in the model as dummy variables. Variables that were significantly associated with the risk of death for all causes and for fatal recurrence and with the risk of PE recurrence on univariate analysis were selected in a multivariate Cox proportional hazard model to identify features independently associated with events. In detail, we estimated the power of any association between mortality for all causes, mortality for fatal recurrence and PE recurrence, and the following parameters: age, gender, presence of associated DVT, previous VTE, presence of cardiovascular comorbidities and active cancer, and unprovoked PE. All statistical tests were 2-tailed; a P < 0.05 was considered as significant. Statistical analysis was performed with SPSS 16.0 (SPSS Inc., Chicago, IL).
Results
Among the original 585 consecutive patients with the diagnosis of PE, 114 (19.5%) were lost during the 1st year of treatment (83, 72.8% died and 31, 27.2% did not return to control) (Fig. 1) .
Among the remaining 471 patients, a group of 361 (76.6%) continued AT because they had unprovoked PE (251, 69.5%), recurrence during the 1st year before inclusion (4, 1.1%), presence of active cancer (81, 22.4%), atrial fibrillation (11, 3%), or disabling chronic diseases (14, 3.9%) (Fig. 1 ). Of these, 64 were lost during the 5-year follow-up ( Fig. 1 Patients had an all-cause mortality rate of 8.00 events/100 person-years of follow-up. The cause of death was active cancer in 46 (42.2%) cases, cardiovascular disease in 31 (28.4%), recurrence of PE in 13 (11.9%), liver insufficiency in 5 (4.6%), chronic respiratory diseases in 4 (3.7%), neurological disease in 4 (3.7%), major bleeding in 3 (2.8%), and renal insufficiency in 3 (2.8%).
The expected cumulative all-cause mortality probability is reported in Fig. 2 . This was 0.35 at the 5th year.
3.1.2. Recurrence. Thirty-four (9.4%) recurrences were observed during the follow-up period. Recurrences occurred as PE alone in 29 (85.3%) cases, PE associated with DVT in 3 (8.8%), and isolated DVT in 2 (5.9%). Of the total, 15 episodes occurred in the 1st year (cumulative incidence 4.3%, 95% CI 2.6-6.9), 1 in the 2nd year (cumulative incidence 4.6%, 95% CI 2.8-7.3), 6 in the 3rd year (cumulative incidence 6.8%, 95% CI 4.5-10.1), 6 in 4th year (cumulative incidence 9.3%, 95% CI 6.5-13.3), and 6 in 5th year (cumulative incidence 12.2%, 95% CI 8.8-16.8). The incidence of recurrence rate was of 2.58 events/100 personyears of follow-up. The expected cumulative probability of recurrence is reported in Fig. 2 . This was 0.10 at the 5th year. Patients who experienced recurrence were on VKA in 19 (55.9%) cases and on LMWH in 15 (44.1%) cases. Patients experienced 13 (3.6%) fatal recurrences during the follow-up period; of them, 5 occurred in the 1st year (cumulative incidence 1.4%, 95% CI 0.6-3.3), 3 in the 3rd year (cumulative incidence 2.5%, 95% CI 1.3-4.9), and 5 in the 4th year (cumulative incidence 4.6%, 95% CI 2.7-7.9).
The incidence of fatal recurrence rate was of 0.95 events/100 person-years of follow-up. Case fatality rate for recurrence was 38.2%. There was no statistically significant difference in the occurrence of fatal recurrence (6 patients, 6.5% vs 7 patients, 2.6%, P = 0.087, chi-squared test) between patients treated with LMWH and VKA. The expected cumulative probability of fatal recurrence is reported in Fig. 2 . This was 0.5 at the 5th year.
3.1.4. Role of unprovoked PE on patients' outcome. In order to evaluate whether the risk of mortality and recurrence was different when therapy was extended due to unprovoked PE (251, 69.5%, patients) or to active cancer or chronic medical illness (95, 26.3%, patients), the 2 groups were analyzed separately. Results are reported in Table 2 . Patients with unprovoked PE had Table 2 ).
3.1.5. Bleeding. During the follow-up period, 21 (5.8%) episodes of bleeding occurred; of them, 9 in the 1st year (cumulative incidence 2.7%, 95% CI 1.4-5.1), 4 in the 2nd year (cumulative incidence 3.9%, 95% CI 2.3-6.7), 1 in the 3rd year (cumulative incidence 4.2%, 95% CI 2.5-7.1), 4 in 4th year (cumulative incidence 5.7%, 95% CI 3.6-8.9), and 3 in 5th year (cumulative incidence 8%, 95% CI 5.1-12.5) (Fig. 3 ). Bleedings were classified as major in 5 (1.3%) cases. Major bleeding included 3 (14.3%) fatal episodes, 1 (4.8%) intracranial bleeding, and 1 (4.8%) bleeding leading to hemoglobin reduction of 2 g/dL. Major bleeding occurred in the 1st year in 1 (20%) case, in the 4th year in 2 (40%) cases, and in the 5th year in 2 (40%) cases (Fig. 3) . Minor bleeding occurred in the 1st year in 8 (50%) cases, in the 2nd year in 4 (25%) cases, in the 3rd year in 1 (6.2%) case, in the 4th year in 2 (12.5%) cases, and in the 5th year in 1 (6.2%) case (Fig. 3) . The case fatality rate of bleeding was 14.3%.
Among patients who experienced bleeding, 16 (76.2%) were on VKA, 3 (14.3%) on VKA in association with an antiplatelet drug, and 2 (9.5%) on LMWH. In patients treated with VKA, INR value was in the therapeutic range (2-3) in 17 (89.5%) cases, out of range (>3) in 2 (10.5%) cases.
Major bleeding occurred in 3 (60%) patients anticoagulated with VKA, in 1 (20%) patient treated with VKA associated with an antiplatelet drug, and in 1 (20%) patient treated with LMWH. All patients treated with VKA had INR value in the therapeutic range.
There was no statistically significant difference in the occurrence of bleeding (3 patients, 3.2% vs 18 patients, 6.7%, P = 0.215, chi-squared test) between patients treated with LMWH and VKA.
3.1.6. Risk factors for mortality, recurrence, and bleeding. In a multivariate Cox proportional hazard model, age (P < 0.0001, 95% CI 1.03-1.07, hazard ratio [HR] 1.05) was independently associated with all-cause mortality (Table 3) .
Age (P = 0.029, 95% CI 1.00-1.08, HR 1.04), presence of DVT at diagnosis of PE (P = 0.011, 95% CI 1.23-4.98, HR 2.47) were independently associated with the risk of recurrence (Table 3) . Age (P = 0.001, 95% CI 1.05-1.23, HR 1.14) was independently associated with fatal recurrences (Table 3) .
No risk factor was identified as associated with bleeding (Table 3) . However, cardiovascular morbidity appeared associated with significantly lower risk of bleeding.
Discussion
After AT discontinuation in patients with PE, the rate of adverse events increases with time but the AT prolongation may carry important bleeding complications. Therefore, the decision to continue or stop AT is often difficult in such patients and should be based on the careful evaluation of the incidence of adverse events. This "real-life," prospective, observational study investigated the outcome of patients with PE who continued AT for a long period (5 years) according to ACCP guidelines. [22] The study shows that, during 5-year anticoagulation, about 1 out of 3 patients died, 1 out of 10 experienced recurrences, and 1 out of 20 had fatal recurrences.
All-cause mortality occurred in 33.6% patients (8.00 events/ 100 person-years), with a probability of dying of 35%. Several deaths were concentrated in the 1st year (9.4%); however, the mortality remained appreciable during the entire follow-up. Age was independently associated with mortality. Surprisingly, all-cause mortality in our study population under anticoagulation is similar to that reported by other authors in patients who had prophylaxis for only few months. [26, 27] This may be explained with the inclusion of patients with cancer and other chronic illnesses (causes apparently unrelated to the anticoagulant prophylaxis) in most published series. A recent multicenter, randomized trial in patients with unprovoked PE treated for a long period (18 months) reports a lower mortality (1.1%). [28] This study, however, excluded patients with short life expectancy such as those affected by cancer or chronic illnesses.
The incidence of PE recurrence in our study was 12.2% (2.58 events/100 person-years of follow-up), with a probability of recurrence of about 10%. Of note, the risk for recurrence increases with age, and in the presence of DVT at the time of the diagnosis of PE; such conditions, therefore, deserve greater caution. Recurrence occurred with greater frequency during the 1st year of follow-up, but it was still appreciable in the late Table 2 Adverse events in patients with unprovoked PE vs those with active cancer or chronic medical illness.
Unprovoked PE (n = 251) Active cancer/chronic medical illness (n = 95) IRR CI = confidence interval, IR = incidence rate, IRR = incidence rate ratio, PE = pulmonary embolism. Figure 3 . Incidence of bleeding.
Marconi
Figures of late recurrence in our series were lower than those reported in patients who stopped prophylaxis early. [3, 8, 27] This may be explained with the protective effect of AT in our survey.
The incidence of fatal recurrent PE was 4.6% (0.95 events/100 person-years of follow-up), with a probability of dying due to PE of 5%. Mortality due to PE is higher in elderly people. Such mortality occurred at similar rates during the entire follow-up, thus showing that in patients who continue AT beyond 3 months the risk for PE mortality remains almost unchanged despite treatment for at least 5 years. Of note, the case fatality rate for recurrence is 38.2%; therefore, in case of PE recurrence during 5-year follow-up, the chance of death is high, being expected in more than one-third of patients.
It may be of interest that the risk for fatal recurrence of PE is higher in patients in whom the indication for extended therapy was the unprovoked nature of the episode. Indeed, patients with unprovoked PE showed more fatal recurrences than those with active cancer or chronic medical illnesses (4.4% vs 2.1%). The difference between the groups was not significant but this was perhaps due to the small sample size and to the fact that all patients were efficaciously treated. These data confirm that unprovoked PE are at increased risk for fatal recurrence; moreover, they demonstrate for the first time that this is true even under AT up to at least 5 years after acute PE.
Bleedings occurred with a cumulative incidence of 8% and a case fatality rate of 14.3%. Because the case fatality rate for bleeding resulted lower than that for recurrence, the extension of prophylaxis for at least 5 years appears as cost-effective. Bleeding was lower in the above-cited recent study (2.2%). [28] However, in such trial, the bleeding incidence was influenced by the exclusion of patients with predisposing conditions such as cancer, low platelet count, disease resulting in low life expectancy. [28] Major bleeding occurred in 1.4% (5 patients) and fatal in 0.8% (3 patients); other authors reported higher incidences in patients treated and followed for variable periods of time. [19, 20, 29, 30] The overall, unexpected result of this study is that, according to the guidelines, the large majority of patients with PE continues the AT beyond the period of 3 months commonly recommended. As a matter of fact, the extension of anticoagulation is recommended in about 80% of patients, because they are affected by unprovoked PE, previous VTE, presence of active cancer, atrial fibrillation, or disabling chronic diseases. The high prevalence of patients who continue anticoagulation may be interpreted as a partial failure of the current guidelines, indicating the need for new strategies based on tailored treatments and new anticoagulant molecules.
Study strengths and limitations
To our knowledge, this is the first study reporting data on the 5-year outcome of patients with PE undergoing to AT throughout the follow-up. This has been possible because a center for the diagnosis and treatment of PE is active at the University Hospital, where patients are followed according to a standard clinical strategy. [31] Other authors reported results on patients followed for years after the discontinuation of 3 to 6 months of prophylaxis [3, 8, 27, 30] or treated for a longer period of time but following a nonstandardized protocol. [30] Recently, a standardized, prospective study reported results on patients with unprovoked PE systematically treated for 18 months. Though well designed and most useful clinically, this study limited the follow-up to a selected population, by excluding patients with a short life expectancy. [28] Our work, instead, can be defined a "real life" study, in that it enrolled all consecutive patients with PE without exclusion criteria, including those with cancer or other relevant comorbidities often excluded in other studies.
A main limitation is that this is a single-center study, with a relatively small sample size. Another limitation would be that all our patients were treated for 1 year before the start of follow-up and this may make less comparable our data with those of studies that treat patients for 3 or 6 months. A third limitation is that our study started before the era of new-generation anticoagulants. Therefore, long-term anticoagulation was made by VKA or LMWH. Recently, new anticoagulants (direct thrombin and direct factor Xa inhibitors) have been made available and their properties investigated in a number of clinical trials. [32] [33] [34] The oral route of administration and the remarkable pharmacologic properties, such as the rapid onset and offset of action, the relatively short half-life, the predictable anticoagulant effect, and the lower interaction with food and drugs, make these agents easy to use and, thus, ideal candidates for secondary prevention of VTE, especially in patients requiring long-term treatment. Thus, we cannot exclude that future guidelines might recommend different options, making our present results not applicable to different scenarios. 
